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Description 

1 . Title of the Invention 

Method and Device for Dissolving Carbon Dioxide Gas 

2. Claims 

1. A method for dissolving carbon dioxide gas, wherein carbon dioxide gas is 
dissolved in a liquid jet stream used for dissolution by merging carbon dioxide gas into 
the liquid jet stream used for dissolution to obtain a merged carbon dioxide gas and jet 
stream and passing the merged carbon dioxide gas and jet stream through a dififuser and 
a static mixer in succession. 

2. A method for dissolving carbon dioxide gas, wherein carbon dioxide gas is 
dissolved in a liquid jet stream used for dissolution having a gas other than carbon 
dioxide gas present by merging carbon dioxide into the jet stream used for dissolution 
having a gas other than carbon dioxide present to obtain a merged carbon dioxide gas 
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and jet stream, passing the merged carbon dioxide gas and jet stream through a diffuser 
and a static mixer in succession, and separating and removing the gas other than carbon 
dioxide from the merged carbon dioxide gas and jet stream. 

3. A device for dissolving carbon dioxide gas, comprising a junction tube for 
merging a jet stream used for dissolution and carbon dioxide gas, a diffuser for 
influxing the liquid jet stream used for dissolution and carbon dioxide gas, and a static 
mixer, which is connected after the diffuser. 

4. A device for dissolving carbon dioxide gas according to claim 3, wherein the 
diffuser and the static mixer are provided on the axis of the liquid jet stream used for 
dissolution. 

3. Detailed Description of the Invention 
(Field of Industrial Applicability) 

The present invention relates to a method and a device for dissolving carbon 
dioxide gas to be used in the production of fluids including carbon dioxide gas, in 
particular, beer, cold beverages, and the like. 

(Prior Art) 

In the production of beer, cold beverages, and the like, a pinpoint carbonator or a 
carbo cooler was used to dissolve carbon dioxide gas in the liquid. In a pinpoint 
carbonator, a supply tube for carbon dioxide was connected partway along the 
circulation tube for the liquid used for dissolution and this connection part of the 
circulation tube for the liquid used for dissolution was provided with a drawing part 
such as a Venturi tube (made from sintered metal). The concentration of dissolved 
carbon dioxide gas is determined by a carbon dioxide gas sensor provided downstream 
of the connecting part and the amount of carbon dioxide gas supply could be adjusted 
according to this. 

The carbo cooler has a cooling means, and is a gas-liquid contact wetted wall 
column provided with multiple layers of corrugated plates in a cooled tank. In the carbo 
cooler, carbon dioxide gas is injected in from the upper part of the tank and the carbon 
dioxide gas can be dissolved in the liquid used for dissolution by being brought into 
contact with the liquid used for dissolution under a high pressure (for example, 
Japanese Unexamined Patent Application, First Publication No. S58-43932 and 
Japanese Unexamined Patent Application, First Publication No. S58-1 16031). 
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(Problem to be Solved by the Present Invention) 

Carbon dioxide gas absorption efficiency by conventional techniques is not 
sufficient and when production was increased, the carbon dioxide gas absorption step 
became a bottleneck in product manufacture. 

The pinpoint carbonator has drawbacks that the amount of dissolved carbon 
dioxide gas is small and that the concentration of the dissolved carbon dioxide gas is 
unstable. 

With respect to a carbo cooler, in order to increase handling capability, there are 
the basic drawbacks that a high pressure tank having a large volume is needed and there 
is a limit to the speed of high pressure dissolution. Also, there is the drawback that a 
difference occurs in the amount of carbon dioxide gas absorbed depending on the height 
of the liquid level. 

Furthermore, in situations such as a carbo cooler where carbon dioxide gas 
dissolution must be carried out at a low temperature, the temperature of the liquid must 
be kept at a low temperature even in the bottling step for filling cans with the liquid 
having carbon dioxide gas dissolved therein. Also, after the bottling step, excess energy 
must be spent on a heat sterilization step to heat the outside of the cans. 

An object of the present invention is to provide a method and a device for 
dissolving carbon dioxide gas to solve the problems of the above-mentioned prior art. 

(Means for Solving the Problem) 

In accordance with the present invention, the above-mentioned object can be 
achieved by the methods and the devices below. 

A method for dissolving carbon dioxide gas, wherein carbon dioxide gas is 
dissolved in a liquid jet stream used for dissolution by merging carbon dioxide gas into 
the liquid jet stream used for dissolution to obtain a merged carbon dioxide gas and jet 
stream and passing the merged carbon dioxide gas and jet stream through a diffixser and 
a static mixer in succession. 

A method for dissolving carbon dioxide gas, wherein carbon dioxide gas is 
dissolved in a liquid jet stream used for dissolution having a gas other than carbon 
dioxide gas present by merging carbon dioxide into the jet stream used for dissolution 
having a gas other than carbon dioxide present to obtain a merged carbon dioxide gas 
and jet stream, passing the merged carbon dioxide gas and jet stream through a diffuser 
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and a static mixer in succession, and separating and removing the gas other than carbon 
dioxide from the merged carbon dioxide gas and jet stream. 

A device for dissolving carbon dioxide gas, comprising a junction tube for 
merging a jet stream used for dissolution and carbon dioxide gas, a diffuser for 
influxing the liquid jet stream used for dissolution and carbon dioxide gas, and a static 
mixer, which is connected after the diffiiser. 

Preferably, the diffiiser and the static mixer are provided on the axis of the liquid 
jet stream. 

(Operation of the Invention) 

The carbon dioxide gas is firstly primarily mixed into the liquid jet stream used 
for dissolution in the junction tube for merging the liquid jet stream used for dissolution 
and carbon dioxide gas. The primarily mixed liquid gas stream and carbon dioxide gas 
are influxed in a diffiiser such as a Venturi tube. By the time the carbon dioxide gas 
reaches the outlet of the diffuser, the carbon dioxide gas, which has become fine 
bubbles, is dispersed in the liquid jet stream. The contact area between the liquid and 
carbon dioxide gas becomes larger. 

The static mixer is connected after the diffiiser. When the liquid get stream 
reaches the outlet of the diffuser, the static mixer further disperses (divides), mixes, and 
agitates the carbon dioxide gas dispersed phase so that the carbon dioxide gas is quickly 
absorbed and dissolved in the liquid. Also, when a gas other than carbon dioxide gas is 
present in the liquid jet stream used for dissolution, along with the operation of 
absorbing and dissolving carbon dioxide gas, the concentration of dissolved oxygen and 
the like can be decreased at the same time. 

When the diffiiser and the static mixer are provided on the axis of the liquid jet 
stream used for dissolution, these are able to realize an even better operation and carbon 
dioxide gas can be absorbed and dissolved even more effectively. 
(Preferred Embodiments) 

Anything may be used as the junction tube, as long as the same can merge 
carbon dioxide gas and the liquid jet stream used for dissolution. A junction tube 
having at least one inlet for the liquid used for dissolution and at least one inlet for 
carbon dioxide gas, for example, a T-tube, a Y-tube, a cross-shaped tube, or the like, 
can be used. The outlet for the liquid gas stream used for dissolution in the junction part 
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of the junction tube can be a nozzle. Similarly, the outlet for carbon dioxide gas in the 
junction part can be a nozzle. 

The diffuser may be provided directly after the position where the liquid jet 
stream and carbon dioxide gas are influxed. For example, it can be provided by being 
connected to the outlet of the junction tube, it can be provided in the junction tube, or it 
can be provided by the influxing tip of the diffuser being inserted into the junction tube 
so that the remaining part protrudes from the junction tube. 

As the diffuser, a diffuser in which the inner diameter gradually becomes 
smaller from the inlet, has a narrowest part with a length at a uniform diameter, and an 
outlet which widens (Laval nozzle), a diffuser which does not have the narrowest part 
with a length at a uniform diameter, or the like can be used. 

The static mixer conditions such as the bore diameter, the length, and the 
number of elements of the static mixer can be arbitrarily decided to optimize retention 
time by the flow amount and the physical properties (viscosity, density, temperature, 
and the like) of the liquid used for dissolution, the target concentration of dissolved 
carbon dioxide gas, or the like. The flow speed in the static mixer can be, for example, 
about 10 to 200 cm/s. Two or more static mixers having different diameters can be 
joined. 

The connection part in the device for dissolving carbon dioxide gas of the 
present invention is preferably constituted of a material that is corrosion resistant and 
abrasion resistant or a sanitary tube material for food products (tube material used in 
food machine devices). For example, the nozzle part and the diffuser part of the 
junction tube can be a polyfluroethylene resin (Teflon) such as polytetrafluroethylene 
resin and the static mixer can be ceramic. 

On the downstream side of the device for dissolving carbon dioxide gas of the 
present invention, a retention tank for the liquid having dissolved carbon dioxide gas is 
connected and microscopic fluctuations in the concentration of the dissolved carbon gas 
disappear. Therefore, an even more constant concentration of dissolved carbon dioxide 
gas can be obtained. As required, an agitating means may be provided. 

The drawing in pressure of the carbon dioxide gas can be 3 to 7 atm (gauge 
pressure). As the retention tank, in accordance with the desired concentration and 
pressure of the generated liquid with dissolved carbon dioxide gas, a suitable low 
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pressure container or pressure resistant container can -be used. However, a special high 
pressure container for dissolution is not required. 

(Examples) 

Example 1 

The Examples of the device for dissolving carbon dioxide of the present 
invention will be explained using the drawings. Figure 1 is an abbreviated 
cross-sectional drawing in the flowing direction of the liquid jet stream used for 
dissolution in a device for dissolving carbon dioxide gas according to an embodiment of 
the present invention. 

A junction tube 1 is a T-tube with its cross-section in the perpendicular direction 
of the flow path being circular. 

A nozzle 2 is constituted so that the flow path area gradually decreases from the 
upstream part to the downstream part, the flow path becomes a minimum at the outlet, 
and the tip of the outlet is narrowly tapered. In a diffuser 3, the inner diameter gradually 
narrows from the inlet, decreasing the flow path. From the smallest part of the flow 
path, the flow path area gradually increases and is widest at the outlet. The 
cross-section in the perpendicular direction of the flow path of the nozzle 2 and the 
diffuser 3 is circular. The diffuser 3 is provided on the axis of the liquid jet stream used 
for dissolution injected from the nozzle 2. 

The nozzle tip of the nozzle 2 protrudes from the junction part of the junction 
tube 1 . The diffuser 3 is positioned downstream from the junction part of the junction 
tube 1. 

The nozzle 2 is set in the inlet for introduction of the liquid used in dissolution 
in the junction tube 1 so as to be airtight. The diffuser 3 is connected by being set in the 
outlet of the junction tube 1 so as to be airtight. The nozzle 2 and the diffuser 3 are 
made from polyethylene fluoride resins. The outlet of the diffuser 3 and the inlet of a 
static mixer 4 (having a lining tube 5 made from a polyethylene fluoride resin) made 
from ceramic are connected so as to be airtight. In order to do this, a flange If on the 
outlet side of the junction tube 1 and a flange 4f on the inlet side of the static mixer 4 are 
fixed by screws and nuts. Thus, the desired static mixer can be easily changed and 
connected. 
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The inlet for introduction of carbon dioxide gas and the inlet for introduction of 
the liquid used for dissolution in the junction tube 1 and the outlet of the static mixer 4 
have a flange with a hole H for bolt stopping and can be easily connected to the tubing. 

The nozzle 2 and the junction tube 1 may be an integrated material. Also, the 
dififuser 3 may be connected further on the downstream side of the outlet of the junction 
tube 1. 

Carbon dioxide gas is introduced into the junction tube 1 from an inlet for 
introducing carbon dioxide la The liquid used for dissolution is introduced into the 
junction tube from an inlet for introduction of the liquid used for dissolution 2a of the 
nozzle 2. The liquid to be used for dissolution is injected from the outlet of the nozzle 2 
and is joined and mixed with the carbon dioxide gas. When the mixture of the liquid to 
be used for dissolution and carbon dioxide gas reaches the outlet of the diffuser 3 it has 
become a liquid in which fine bubbles of carbon dioxide gas have been dispersed and 
when the same reaches the outlet of the static mixer 4, the carbon dioxide gas has been 
absorbed and dissolved in the liquid used for dissolution. 

Example 2 

A device for dissolving carbon dioxide gas according to the second embodiment 
of the present invention will be explained using Figure 2. 

A device for dissolving carbon dioxide gas 20 has an inlet for introduction of the 
liquid used for dissolution 20a, an inlet for introduction of carbon dioxide gas 20b, and 
an outlet of the mixture of the liquid used for dissolution and carbon dioxide gas 20c. 
The inlet for the introduction of the liquid used for dissolution 20a connects to a tubing 
for the supply of the liquid used for dissolution A connected to a pump P via a check 
valve 29 and the liquid to be used for dissolution is supplied to the inlet for introduction 
of the liquid used for dissolution 20a. The inlet for the introduction of carbon dioxide 
gas 20b is connected to a tubing for supplying carbon dioxide gas B and carbon dioxide 
gas is supplied to the inlet for the introduction of carbon dioxide gas 20b. The tubing 
for supplying carbon dioxide gas B has a decompression valve 22, a thermometer T, a 
barometer 23, a flowmeter 24, a control bulb 25, an electromagnetic valve 26, a 
barometer 27, and a check valve 28. 

The outlet of the mixture of carbon dioxide gas and the liquid for dissolution 
20c has a barometer 30 and is connected to a tubing C for connecting to a static tank 21. 
The static tank 21 has a deaeration bulb 3 1 and a measuring instrument for measuring 
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the concentration of dissolved carbon dioxide gas 32- and is connected to a tubing D 
having bulbs 33 and 34. The static tank 21 is a retention tank for obtaining an even 
more uniform concentration of dissolved carbon dioxide gas in the mixture of carbon 
dioxide gas and the liquid used for dissolution. For example, retention is carried out 
every five minutes and the concentration of dissolved carbon dioxide can be made even 
more uniform. This concentration is measured by the measuring instrument for 
measuring the concentration of dissolved carbon dioxide 32. The control bulb 25 and 
the electromagnetic valve 26 of the tubing for carbon dioxide gas B are adjusted 
according to result of the measurement so that a liquid having dissolved carbon dioxide 
with a uniform concentration can be continuously prepared. 

Also, instead of the static tank 21, a conventionally used carbo cooler such as a 
wetted wall column can be used in order to absorb and dissolve the carbon dioxide gas. 
However, in this situation, different to conventional carbon coolers, the temperature 
and pressure in the carbo cooler can be operated near room temperature and normal 
pressure. 
Example 3 

Carbon dioxide gas was dissolved in a liquid (water) using the device for 
dissolving carbon dioxide gas disclosed in the above-mentioned Example 1 of the 
present invention and a conventional carbo cooler. A static mixer having an inner 
diameter of 5 cm, a length of 114 cm, and 18 1 80°-rotational-elements was used. 
Carbon dioxide gas having a temperature of 10°C and a pressure of 3 to 5 kg f/cm 3 was 
supplied at an amount 500 to 800 N 1/min to be mixed with and dissolved in water at 0 
to 1 °C, the water being pressure fed (pressure: 3 to 7 kg Pern 3 , amount sent: 1 00 to 1 80 
1/min). The result being, carbon dioxide gas at a rate of 4 N 1 per each 1 1 of liquid at 
4°C was continuously dissolved when the rate of the liquid being sent was 1 00 to 1 80 
1/min. 

The conventional carbon cooler at 4 atm (gauge pressure) was only able to 
dissolve carbon dioxide gas at 1 N I for each 1 1 of liquid at 4°C. However, the device of 
the present invention was able to dissolve 4 N 1 of carbon dioxide gas for each 1 1 of 
liquid at 4°C. 
Example 4 
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Using the device for dissolving carbon dioxide gas disclosed in the 
above-mentioned Example 1 of the present invention, carbon dioxide was dissolved in a 
liquid (water) having dissolved oxygen present at a concentration of 10 to 15 ppm. 

A static mixer having an inner diameter of 2 cm, a length of 80 cm, and 24 
180°-rotational-elements was used. Carbon dioxide gas at room temperature was 
supplied at a pressure of 5 to 7 atm (gauge pressure) at a rate of 1 0 N I/min, was mixed 
with and dissolved in water at room temperature which was pressure fed (pressure: 3 to 
5 kg f/cm 3 , amount sent: 23 1/min). The result being, a liquid having dissolved oxygen 
at a concentration of 1 to 3 ppm was obtained. 

(Effect of the Invention) 

In accordance with the method and device for dissolving carbon dioxide of the 
present invention, carbon dioxide gas can be effectively and constantly absorbed and 
dissolved in a liquid used for dissolution without the use of a dissolution pressure tank 
so that a liquid in which carbon dioxide gas is dissolved at a constant high concentration 
can be continuously and quickly prepared. There is no need for the mixture system to 
be at a high pressure, in particular, for the purpose of dissolution. Also, there is no need 
for a particularly low temperature like carbo coolers. 

Accordingly, even when the production of carbonated beverages is increased, 
the step of absorbing carbon dioxide gas does not become a bottleneck in the 
production. Also, in the bottling step, there is no need to keep the temperature of the 
liquid low and can be operated near room temperature. Therefore, no condensation 
forms on the mouth or cap of the bottle and further, the amount of heat for heating can 
be saved in the heat sterilization step. 

Also, the device for dissolving carbon dioxide of the present invention can 
separate and remove gases such as oxygen present in the liquid used for dissolution. 
Therefore, it can be used as a deaerator. The various conditions and steps which 
become a hindrance to the dissolution of oxygen can be applied (generation 
conservation in an anaerobiotic atmosphere). 

Conventionally, the use of a static mixer per se was known simply for the 
purpose of mixing gases and liquids. However, in accordance with the present 
invention, a remarkable dissolution effect which cannot be compared to the effect 
expected by the conventional mixing of gases and liquids is achieved. This result is 
confirmed by the fact that compared to the carbo cooler high pressure dissolution 
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method, a dissolution having a concentration four times higher and not needing high 
pressure was obtained. 

4. Brief Description of the Drawings 

Figure 1 is an abbreviated cross-sectional drawing in the flowing direction of 
the liquid jet stream used for dissolution in a device for dissolving carbon dioxide gas 
according to an embodiment of the present invention. 

Figure 2 is a flow diagram showing a device for dissolving carbon dioxide gas 
according to an embodiment of the present invention. 
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Concise explanation of Japanese Patent Application, First Publication No. H02-2123 1 1 
It is disclosed that when a mixture of a liquid used for dissolution and carbon dioxide 
gas are influxed from the inlet side into a diffltser 3, wherein the inner diameter 
gradually narrows from the inlet, decreasing the flow path and the flow path area, which 
gradually increases from the smallest part of the flow path and is the widest at the outlet, 
and the mixture of the liquid to be used for dissolution and carbon dioxide gas reaches 
the outlet of the diffuser 3, it has become a liquid in which fine bubbles of carbon 
dioxide gas have been dispersed. 
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BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

Qf BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 
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As rescanning these documents will not correct the image 
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